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Executive Summary

This project consisted of the continued monitoring of four previously installed passive nitrogen
reduction systems (PNRS). The goal of this project was to monitor these systems and evaluate
their performance as they become mature. The four systems were installed in 2013 and
monitored for their first two years of operation during the Florida Onsite Sewage Nitrogen
Reducing Strategies (FOSNRS) study for the Florida Department of Health (FDOH) (FDOH,
2015). For the study, a PNRS was defined as a treatment system that uses not more than one
effluent pump and uses reactive media to achieve nitrogen reduction. The project was carried
out at four residential sites (one site in Marion County and three sites in Seminole County).
These PNRSs included two stages of media filters, including an unsaturated inert nitrification
media filter and a saturated reactive denitrification media filter, to facilitate first the nitrification
and then the denitrification processes to remove nitrogen from domestic wastewater.

The FOSNRS study was implemented by a team led by Hazen and Sawyer for FDOH starting in
January 2009 to fulfill a Florida Legislature directive to develop cost-effective nutrient reduction
strategies for OSTDS and protect the designated uses of waters of the state. Two-stage
biofiltration was recommended by the study as the most cost-effective technology to control
nitrogen loads from OSTDS. The FOSNRS study installed seven prototype two-stage
biofiltration OSTDSs with different designs at single family residences across the State of
Florida and monitored them for about two years to assess technology performance in field
conditions. Results from the monitoring showed an average total nitrogen (TN) removal ranging
from 65% to 97%. Maintenance requirements for these systems were low. Because these
prototype systems were only monitored for about two years, the FOSNRS study recommended
that FDOH establish a long-term monitoring schedule for these home systems to evaluate
continued system performance, the longevity of the media, the nitrogen removal efficiency as
these systems become mature, and the overall maintenance and life-cycle cost of these
systems. Results from the continued monitoring will provide guidance for system design
refinements and long-term needs for maintenance and monitoring (Hazen and Sawyer, 2015).

This project, with funding throughthe U. S . Bdethod F9 grant program and FDOH,
implemented such a continued monitoring. The FDOH Onsite Sewage Program resumed
monitoring of four PNRS prototype systems in March of 2017. A fifth system (B-HS2) that had
failed after increasing use beyond the design load was replaced by the new owners at the
beginning of the project. These four systems include three design concepts that vary in how the
nitrification and denitrification media are installed. Lignocellulose (wood) and elemental sulfur
were used as dentification media. The in-tank system design accommodates the two stages in
separate tanks (systems B-HS4 and B-HS5). The second stage tank contains lignocellulose in a
first chamber and elemental sulfur in a second chamber. The modified drainfield in-ground
system design has the two stages installed underneath the drainfield (system B-HS7), with a
liner intended to keep the lignocellulose of the second stage wet. The hybrid design has the
nitrification media and one type of unsaturated denitrification media (lignocellulose) installed in a
lined drainfield. The effluent from the lignocellulose media discharges to a tank with elemental
sulfur for further denitrification (system B-HS3).

The continued monitoring of these systems was designed to achieve several major objectives:

(Q)Evaluating systemsd overall condition and
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(2) Evaluating system treatment efficiencies for nitrogen, as well as other pollutants including
phosphorus, five-day carbonaceous biochemical oxygen demand (CBOD5), total suspended
solids (TSS), and fecal coliform;

(3) Comparing pollutant treatment efficiencies during the continued monitored period (this
project) and the FOSNRS monitoring period and evaluating the temporal trend of treatment
efficiency;

(4) Documenting the operating costs and maintenance requirements to maintain proper system
functioning; and

(5) Identifying operating and functional issues with the monitored systems in order to identify
possible future refinements.

During the period from March 2017 through December 2019, the FDOH Onsite Sewage
Program conducted eight monitoring events and one re-monitoring on the four PNRS:

(1) First sampling event: March 15, 2017 i April 5, 2017

(2) Second sampling event: November 7, 2017 i December 5, 2017

(3) Third sampling event: April 18, 2018 i April 26, 2018

(4) Fourth sampling event: November 11- November 16, 2018

(5) A resampling event for the Fourth sampling event for system B-HS7: January 22 i January
25, 20109.

(6) Fifth sampling event: February 17 i February 22, 2019

(7) Sixth sampling event: May 127 May 17, 2019

(8) Seventh sampling event: July 311 August 1, 2019, and September 18 i 20, 2019

(9) Eighth sampling event: December 1 7 December 6, 2019

FDOH staff implemented the monitoring and sampling events in accordance with a quality
assurance project plan (QAPP). The general appearance/function assessment of the four
treatment systems included observations such as water use, the water tightness of the
treatment receptacles, water levels in tanks, pump and alarm functionality, condition of the
nitrification and denitrification media, drainfield ponding. Drainfield surface elevations were also
measured during several sampling events for the in-ground system (B-HS7) and the hybrid
system (B-HS3) to assess drainfield subsidence.

Water quality samples were collected from the system influent, generally from a septic tank, and
effluent to assess the system nitrogen removal efficiency. Samples were also collected from
intermediate treatment train components to evaluate the efficiencies of nitrification and
denitrification. Samples for other pollutants, including CBOD5, TSS, phosphorus, fecal coliform
and E. coli were also collected from the same sampling locations to evaluate the treatment
efficiencies for these constituents. Supplemental water quality constituents were collected
during these sampling events. Alkalinity samples were collected to evaluate whether the
nitrification of the system was limited by the available alkalinity. Total organic carbon (TOC) and
chemical oxygen demand (COD) were measured to evaluate whether the lignocellulose media
added measurable organic carbon to the system effluent. Sulfate concentrations were
measured in systems using elemental sulfur as a denitrification media, to determine whether the
sulfate concentrations in the system effluent will exceed the secondary drinking water standard.

Field parameters, including water temperature, pH, dissolved oxygen, conductivity, and
oxidation reduction potential were measured at sampling locations whenever enough water was

available to help evaluate the systemsd perfor man
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To evaluate system operation costs, cumulative readings were taken from two systems with
electricity meters that used pumps for drip irrigation (B-HS3) and low-pressure dosing (B-HS7).
Daily and monthly electricity consumptions were then calculated based on the increase of
cumulative electricity meter readings and the number of days elapsed between sampling
events. Maintenance activities conducted by the homeowner during the project period were
documented to evaluate the maintenance required to keep the system functioning.

This project assessed the difference in estimated treatment efficiencies of nitrogen and other
pollutants between the period of this project and the period of FONRS study. Certain statistical
tests for the environmental data collected, Kolmogorov-Smirnov and Shapiro-Wilk tests, showed
that pollutant concentrations at some sampling locations did not meet the normal distribution
requirement for using a parametric statistical analysis. Instead, the nonparametric statistical
tests Kruskal-Wallis and Median tests were used. Temporal trend plots and box plots were also
used to illustrate the central tendency and variability of the data collected during this project and
during the FOSNRS study.

Based on the data collected during this project, we have the following observations:

1. The overall condition of each of these systems was still good at the end of the project
period. There were no signs of surfacing or breakouts near the treatment system and no
tank or other system components were missing. No encroachment or sign of vehicular traffic
were observed in the treatment and/or disposal areas. The treatment receptacles for most
systems appeared watertight, except that the riser wall of some systems showed debris
interpreted as signs of stormwater inflow. Elevated water levels in septic tanks of some
systems caused by outlet filter clogging were observed at the beginning of this project. This
issue was addressed after the project team recommended to homeowners to increase the
frequency of filter cleaning.

The pump and pump alarms functioned appropriately for B-HS3 and B-HS7. Electricity
meters of these two systems also provided readings comparable to those collected during
the FOSNRS study. The alarm system and electricity meter for B-HS5 were broken, but the
pump remained functioning. System B-HS4 uses gravity flow for the treatment system and
therefore does not use an alarm or electricity.

2. All four systems maintained high levels of nitrogen removal. The median TN removal
efficiencies for systems B-HS3 and B-HS4 were higher than 90% during this project. The
median TN removal efficiency for system B-HS7 during this project was more than 90%, and
the performance was more consistent during this project period albeit samples could not
always be obtained. System B-HS5, the one that showed lignocellulosic losses, had lower
TN removal efficiency, but still provided a median total nitrogen removal efficiency of 86%.

3. Significant loss of lignocellulosic media was observed in the in-tank system B-HS5. During
the FOSNRS study, the top of the lignocellulose media was at the level of invert of the
wastewater distribution pipe. At the beginning of this project four years after the system
installation, there was a hole of about 12 inches in diameter in the lignocellulose media. By
the last sampling event of this project, more than a third of the lignocellulose had
disappeared from the lignocellulose chamber. The same extent of media loss was not
observed with in-tank system B-HS4.

4. The lower nitrogen removal efficiency from System B-HS5 compared to the FOSNRS study
period was mainly caused by elevated TN concentrations in the final system effluent (from
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the sulfur media) while the TN concentrations from the lignocellulose media remained low.
This phenomenon was also observed with system B-HS4. To understand the cause of this
phenomenon, we gathered supplemental data at these two systems and also redistributed
the sulfur media in the denitrification chamber of System B-HS5. This was attempted
primarily to assess the existence of a preferential flow path in the sulfur media. Based on the
data collected, it appears that the most likely cause for the elevated nitrogen concentration
in system effluent was occasional bypassing of the denitrification media by overflow of
partially treated wastewater over the top of the compartment wall that separates the
lignocellulose media from the sulfur media. The overflow suggests an imbalance between
the inflow during a dose and increasing resistance to flow through the two media and the
filter layers below them or clogging. A maintenance effort is planned by the project team in
the future to replace the lignocellulose media in System B-HS5 because the lignocellulose
media showed decay by about a third.

5. Drainfield subsidence was observed at system B-HS7, which is an in-ground system with
both the nitrification and lignocellulose denitrification layers installed underneath the
drainfield. The drainfield is at the bottom of a hill and appears to receive stormwater
occasionally. Compared to finished grade when the system was first built, the top of the
drainfield was lowered by up to 7.5 inches. The largest extent of settling appeared along the
central line of the drainfield. The bottom of the drainfield was about 2.6 inches lower
compared to the level when the system was installed. These elevation changes were
relative to a liner at the bottom of the lignocellulose layer that did not change. Elevation
measurements were not taken during the FOSNRS study period, and most of the observed
elevation changes had occurred by the time of the first measurements during this project.
While this makes it difficult to discern between initial settling of the drainfield material and
long-term decay of the lignocellulosic material, the relative changes suggest that decay
plays a minor role. The current design of the monitoring equipment did not allow monitoring
the settling of each media layer separately. A useful refinement for future in-ground PNRS
monitoring would be to install monitoring ports at the bottom of the drainfield and at the
bottom of the nitrification media so that settling of each media layer can be monitored.
Drainfield surface elevations were also measured for system B-HS3, which is a hybrid
system with both the nitrification and lignocellulose media layers installed in-ground
underneath the drainfield. No measurable drainfield subsidence was observed at this
system.

6. All systems continued to remove TSS, CBODS5, E. coli, and fecal coliform effectively. In all
cases, more than 99% of the fecal coliform and E. coli were removed by the treatment
systems. When enough sample volume was available for CBOD5 and TSS concentration
analyses, the CBOD5 and TSS concentrations of the effluent from the nitrification media
accounted for less than 10% of the CBOD5 and TSS concentrations of the septic tank
effluent. The CBOD5 measured at the bottom of the lignocellulose media were mostly at the
method detection limit. This indicates that the labile organic carbon in the septic tank effluent
was mostly removed by the system and the use of lignocellulose media did not add a large
amount of labile organic carbon to the system effluent. These results were also confirmed by
results of chemical oxygen demand (COD) and total organic carbon (TOC).

7. The overall phosphorus removal efficiencies for systems B-HS3, B-HS4, and B-HS5 were
lower in this project period (59%, 51%, and 74%, respectively) than during the FOSNRS
study period (96%, 70%, and 84%, respectively). The exception was system B-HS7, which
showed slightly increased phosphorus removal efficiency during this project (96% during this
project vs. 90% during the FONSRS study). Data from both this project and FOSNRS study
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showed that most of the phosphorus in the septic tank effluent was removed by the Stage 1
media. However, some phosphorus was further removed by the lignocellulose media with
Systems B-HS3 and B-HS5 during the FOSNRS period. No phosphorus removal by
lignocellulose media was observed with any of these three systems during the project
period. The cause for the decreased phosphorus removal efficiency remains unclear. One
possibility is that the phosphorus removal by these systems during the FOSNRs study was
primarily through media absorption. It is possible that as the absorption sites of the media
became gradually saturated, and the phosphorus removal efficiency became reduced.

8. Sulfate is one of the end products generated by chemo-autotrophic denitrification in
nitrogen-reducing systems that use sulfur media. In the vast majority of the sampling events,
sulfate concentrations in the final system effluent of systems B-HS3, B-HS4, and B-HS5
were lower than the 250 mg/L secondary drinking water standard. This indicates that the
combination of lignocellulosic and sulfur denitrification is effective in meeting this standard.

9. Household water use patterns for three of the four systems remained the same as they were
during the FOSNRS study period. The water use for one system, however, was significantly
reduced. For a fifth system, B-HS2, occupancy and water use had increased beyond the
design load for the FOSNRS-system before this project started and failure due to clogging of
the stage 1 filter occurred early in the project.

10. The energy consumption from systems using a pump for low-pressure dosing (B-HS7) and
drip irrigation (B-HS3) remained low, generally below 16 kwWh and $3.00 per month. The
electricity consumption for B-HS5 could not be estimated because the electricity meter for
the lift-dosing pump was broken. However, the electricity costs for the system during the
FOSNRS study was less than $3.00 per month, and the wastewater generated by the
household during the project period was about 50% of the wastewater generated during the
FOSNRS study. The nitrogen treatment components of system B-HS4 use gravity flow, and
therefore there is no energy consumption associated with that system.

In summary, all systems are still providing high performance in treating nitrogen four to six years
after they were installed. The maintenance efforts routinely made by homeowners were to clean
the septic tank outlet filter. This maintenance effort is not specific to a PNRS. It is a
maintenance activity needed also for conventional septic system, and the initial observations
during this project indicated that homeowners had neglected that.

Increased effluent nitrogen concentrations in systems B-HS4 and B-HS5 appeared to largely
result from the elevated nitrogen concentrations in the final system effluent. At least for system
B-HS5, the current hypothesis is that this is caused by wastewater bypassing the lignocellulose
and sulfur media treatment. This indicates the need to improve the design of the denitrification
tank.

The energy consumption and required maintenance remained about the same as these systems
became mature, suggesting that PNRS continued to be a cost-effective nitrogen treatment
system.

Drainfield subsidence for in-ground systems is another issue that warrants further attention.

While results from this project appeared to support a hypothesis that the drainfield surface
lowering observed at system B-HS7 was largely caused by settling of the drainfield cover, some
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subsidence of the bottom of the drainfield was also observed. A useful refinement for future in-
ground PNRS monitoring would be to install monitoring ports at the bottom of the drainfield and
at the bottom of the nitrification media so that settling of each media layer can be monitored.
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represent the TKN conversions estimated for the FOSNRS period. The orange dots
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Figure 68. Long-term Trend Plot for TKN Conversion for System B-HS5. The blue dots
represent the TKN conversions estimated for the FOSNRS period. The orange dots
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Figure 69. Long-term Trend Plot for TKN Conversion for System B-HS7. The blue dots
represent the TKN conversion rates estimated for the FOSNRS period. The orange dots
represent the TKN conversion rate for the three sampling events of this project. Because

Figure 70. Long-term Trend Plot for TN Removal Rate for System B-HS3. The blue dots
represent the TN Removal rates estimated for the FOSNRS period. The orange dots
represent the nitrification rate for the sampling events of this project...............ccoove.e.. 177
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Figure 74. Dynamics of PO4-P Concentrations through the Treatment Train for System B-HS3.
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Figure 75. Dynamics of PO4-P Concentrations through the Treatment Train for System B-HS4.
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Figure 76. Dynamics of PO4-P Concentrations through the Treatment Train for System B-HS5.
The blue boxplot represents the PO4-P distribution during the FOSNRS study period.
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Figure 77. Dynamics of PO4-P Concentrations through the Treatment Train for System B-HS7.
The blue boxplot represents the PO4-P distribution during the FOSNRS study period.
The green boxplot represents the PO4-P distributions during the sampling events of this
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Figure 82. CBOD5 Concentration in the Lignocellulosic Media Effluent. The blue boxplot
represents the CBOD5 Concentrations during the FOSNRS study period. The green
boxplot represents the CBODS in the three sampling events of this project................. 188
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1. Background

This project consists of the continued monitoring of previously installed passive nitrogen
reduction systems (PNRS). For this project, a PNRS was defined as a treatment system that
uses not more than one effluent pump and uses reactive media to achieve nitrogen reduction.
The project is carried out at four residential sites where such passive nitrogen reduction onsite
sewage treatment and disposal systems (OSTDSs) were installed and monitored during the
Florida Onsite Sewage Nitrogen Reducing Strategies (FOSNRS) study conducted by the Florida
Department of Health (FDOH) (FDOH, 2015). This project covers one system in Marion County
and three systems in Seminole County.

The FOSNRS study was implemented by FDOH in January 2009 to fulfill a Florida Legislature
directive to develop cost-effective nutrient reduction strategies for OSTDS and protect the
designated uses of waters of the state. The consultant contracted by FDOH performed a
comprehensive literature review, performance comparison, cost-effectiveness analyses, and
ranking of several onsite wastewater treatment technologies (FDOH, 2015). The two-stage
biofiltration was recommended as the most operationally simple, effective, and applicable
technology to control nitrogen loads from OSTDS to Florida waterways. The biofiltration
systems include two stages of media filters to facilitate first the nitrification and then the
denitrification processes to remove nitrogen from the domestic wastewater.

Prototype two-stage biofiltration OSTDSs with different designs were constructed, installed, and
monitored at seven single family residential sites across the State of Florida from June 2011
through February 2015 to assess technology performance in field conditions. These systems
achieved an average total nitrogen (TN) removal ranging from 65% to 97%. Maintenance
requirements for these systems were low and mainly related to new construction and installation
system adjustments.

2. Goal and Objectives of the Study

The FOSNRS study recommended that FDOH establish a long-term monitoring schedule for
these home systems to evaluate continued system performance, the longevity of media,
nitrogen removal efficiency as these systems become mature, and the overall maintenance and
life-cycle cost of these systems (Hazen and Sawyer 2015). Results from the continued
monitoring will provide guidance for system design refinements and long-term needs for
maintenance and monitoring. These recommendations represent the goal of this study. To
achieve the goal, the following objectives need to be accomplished:

1. Evaluating the overall system condition and performance through system inspection;

2. Evaluating system treatment efficiencies for nitrogen, as well as other pollutants including
phosphorus, five-day carbonaceous biochemical oxygen demand (CBOD5), total suspended
solids (TSS), and fecal coliform through system sampling;

3. Comparing pollutant treatment efficiencies during the continued monitored period (this
project) and the FOSNRS monitoring period and evaluating the temporal trend of treatment
efficiency as these systems become mature;

4. Documenting the operating costs and maintenance requirements to maintain proper system
functioning; and
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5. Identifying operating and functional issues with the monitored systems in order to identify
possible future refinements.

With funding through the section 319 program and FDOH, the FDOH Onsite Sewage Program
resumed monitoring of four PNRS prototype systems in March of 2017. For various reasons,
three of the seven nitrogen-reducing biofilter systems were discontinued after their initial
evaluation during FOSNRS study, including a system (B-HS2) that had failed after increasing
use beyond the design load was replaced by the new owners at the beginning of the project.
Therefore, this continued monitoring project covers the remaining four systems that are still
functioning. These four systems include three designs that vary in how the nitrification and
denitrification media are installed. The in-tank system design accommodates the two-stage
media in separate tanks (systems B-HS4 and B-HS5). The in-ground system design has the
two-stage media installed underneath the drainfield (system B-HS7). The hybrid design has the
nitrification media and one type of denitrification media (lignocellulose) installed underneath the
drainfield. The effluent from the lignocellulose media discharges to another type of denitrification
media (elemental sulfur) for further treatment (system B-HS3). This report documents the data
collected by FDOH from eight monitoring and one re-sampling events conducted during the
following periods:

1) First sampling event: March 15, 2017 1 April 5, 2017

2) Second sampling event: November 7, 2017 i December 5, 2017

3) Third sampling event: April 18, 2018 i April 26, 2018

4) Fourth sampling event: November 11, 2018 T November 16, 2018

5) Fourth sampling re-sampling event for system B-HS7: January 22, 2019 1 January 25, 2019
6) Fifth sampling event: February 17, 2019 i February 22, 2019

7) Sixth sampling event: May 12, 20191 May 17, 2019

8) Seventh sampling event: July 311 August 1, 2019, and September 181 20, 2019

9) Eighth sampling event: December 01 1 December 06, 2019

These monitoring events consisted of inspecting the site condition and overall system
performance, collecting flow measurements from the household water use meters, recording
electricity use, monitoring of field parameters, collecting water quality samples from various
sampling points along the treatment trains, conducting field measurements, surveying drainfield
elevations for systems having the nitrogen-reducing media installed underneath the drainfield,
and sample analyses by a National Environmental Laboratory Accreditation Program (NELAP)
certified laboratory.

3. Materials and Methods

3.1 The four nitrogen-reducing biofilters monitored in this project

System B-HSS:

This is the most complex system among all the four systems monitored in this study, including
two drip irrigation zones in series. The system was installed in Seminole County, Florida in June
2013. It consists of a 1500-gallon two-chamber concrete septic tank; a 600-gallon concrete
septic tank effluent (STE) dosing tank; a Stage 1 lined drip zone with an unsaturated
lignocellulosic layer; a 1,050-gallon concrete tank Stage 2 with sulfur serving as saturated
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media biofilter; and a reclaimed water dispersal drip zone. Figure 1 is a site schematic showing
the system components and layout of the installation.

Household wastewater enters the 1st chamber of the septic tank and exits the second chamber
as STE through an effluent screen into the STE dosing tank. The STE dosing tank contents are
pumped through the drip system hydraulic unit and discharged to the Stage 1 drip system (Zone
1). Effluent is dispersed above an 18-inch layer of mound sand (slightly limited sand) and
proceeds downward through the sand media where nitrification occurs. Underlying the sand is a
9-inch layer of lignocellulosic and sand media mixture above a drained 30-mil PVC liner for
denitrification. The liner effluent is conveyed to the bottom of the Stage 2 biofilter (denitrification)
tank containing elemental sulfur reactive media and flows upward through the media for
additional treatment. The Stage 2 biofilter contains 12-inches of elemental sulfur mixed with
oyster shells. The water level is above the media; therefore, denitrification occurs in a saturated
environment. The denitrified effluent is pumped through the drip system hydraulic unit and
discharged to the reclaimed water drip irrigation system (Zone 2) (Hazen and Sawyer, 2013a). A
flow schematic of the system is shown in Figures 1 and 2.

System B -HS4:

The system was installed in Seminole County, Florida in June 2013. The property had two
existing onsite sewage treatment and disposal systems. The existing 1,200-gallon concrete
septic tank, located on the west side of the property, continued to provide primary treatment for
the PNRS. The existing second 900-gallon septic tank, located on the northeast side of the
property, was converted during the FOSNRS study to a lift station, which pumps the raw
sewage from the tank to the 1200-gallon tank and the new gravity flow PNRS. The passive
nitrogen reduction system consisted of the addition of two tanks and a new drainfield to the
existing permitted systems. A 2,800-gallon concrete Stage 1 unsaturated media biofilter and a
1,500-gallon two chamber concrete Stage 2 saturated media biofilter were installed utilizing
lignocellulosic material in the first, and sulfur in the second chamber. Figure 3 is a site
schematic showing the system components and layout of the installation. At the end of the
FOSNR study, the lift station in the second 900-gallon tank was switched off to reduce
maintenance needs, and the PNRS treated only a reduced sewage flow during the first, second,
and third continued monitoring sampling events.

The septic tank contents are discharged by gravity to a distribution box, located inside the Stage
1 biofilter, which splits the flow between two perforated distribution pipes along the top of the
unsaturated Stage 1 biofilter media. The Stage 1 biofilter contains 10 inches of coarse
expanded clay media above 20 inches of finer expanded clay media. Wastewater percolates
downward through the expanded clay media where nitrification occurs. Stage 1 biofilter effluent
then flows by gravity into the Stage 2 biofilter tank. Effluent from the unsaturated (Stage 1)
media tank enters the denitrification (Stage 2) biofilter into a standing water column lying above
the media in the first chamber (lignocellulosic media), flows downward through the media,
moves laterally through the baffle wall to the bottom of the second chamber, and upward
through the media in the second chamber (elemental sulfur and oyster shell). The Stage 2
biofilter contains 42-inches of lignocellulosic media in the first chamber. A collection pipe along
the bottom transfers the effluent to the second chamber which contains 18-inches of elemental
sulfur mixed with oyster shell media. The Stage 2 biofilter effluent discharges near the top of the
tank; therefore, denitrification occurs in the saturated environment. The denitrified treated
effluent is discharged into the soil via a new drainfield. The effluent is split between four low-
profile Infiltrator chamber trenches by a concrete distribution box (Hazen and Sawyer, 2013b).
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Three of the trenches have 11 chambers and one trench has 12 chambers as depicted in Figure
3. A flow schematic of the system is shown on Figure 4.

System B -HS5

This system was installed in Seminole County, Florida in June 2013. It consists of three
additional tanks that were added to the previously existing system: a 1500-gallon plastic tank
Stage 1 unsaturated media filter; a 300-gallon concrete pump tank; and a 1,500-gallon two
chamber concrete Stage 2 saturated media biofilter. Figure 5 is a site schematic showing the
system components and layout of the installation. Household wastewater enters the existing
1,350-gallon primary tank and exits as STE through an effluent screen. The septic tank effluent
contents are discharged by gravity to a distribution box, located inside the Stage 1 biofilter,
which
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Figure 2. Flow Schematic of B -HS3 PNRS
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